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I. FIELD OF THE INVENTION 

This invention relates to the cooling and guiding of casting belts in apparatus used 
for continuously casting metal strip articles, particularly twin-belt casters used for casting 
aluminum alloys and similar metals. The invention also relates to belt casting apparatus 
10 incorporating such cooling and guiding equipment. 

II. BACKGROUND ART 

The production of metal strip articles, particularly those made of aluminum and 
aluminum alloys, by twin-belt casting is well known in the art. Casting of this kind 

1 5 involves the use of a pair of endless belts, usually made of flexible but stiffly resilient 
steel, copper, or the like, which are rotatably driven over appropriate rollers and other 
path-defining means and supports. The belts define a casting mold formed between 
moving casting surfaces of confronting generally planar sections of the belts. Molten 
metal is continuously introduced into the inlet end of the mold via an injector or other 

20 feed device, and the metal is cooled as it passes through the mold, to emerge as a 

continuous metal strip article of desired thickness. A cooling apparatus is generally 
provided for each belt to provide the necessary cooling effect to cause metal 
solidification in the mold. Such cooling apparatus may operate by applying a liquid 
cooling liquid (e.g. water or water with appropriate additives) to the reverse surface of 

25 each belt, i.e. the surface opposite to the casting surface in the region of the casting mold, 
and then withdrawing, and usually recycling, the cooling liquid after it has provided the 
desired cooling effect. It is also usual in apparatus of this kind to apply a liquid belt 
dressing, e.g. oil or the like, to the casting surface of each belt before it enters the casting 
mold. This helps to control the rate of heat transfer from the molten metal to the belts 

30 and prevents the molten metal from bonding to the belts. 

Twin belt casting apparatus of this kind is disclosed, for example, in US Patent 
4,008,750 which issued on February 22, 1977 to Sivilotti et al, US Patent 4,061,178 



December 6, 1977 ,0 Sivilotf and US Paien, 4,,93,440 which tssued on March 18. 
t0 Thorburn e, al. The teaching of these patents is specifically incorporated here.n by 
reference. The '440 patent discloses an arrangement of be,, cooling and guidmg means 
t hat include generally planar supports for the belts made up of an array of spnng-loaded 

coo.ing nozzles having hexagonal faces provided w„h centra, orifices, from wh.ch a 
coolinglicuid is caused to fiowunder pressure intocontac, with the reverse surfacesof 
t he belts as they pass through the castmg mold. The hexagonal shape of the nozzles 
means that they may be arranged closely adjacent to each other to form a vutuaUy 
continuous surface to provide both good support and even cooling effects. However, the 
nozzles are no, quite contiguous so that smal. gaps remain through wh.ch the spent 
cooling liquid can be drawn under suOion from below. The arrangement no, only 
provides cooHng,bu,a.sohe lp s to hold the belts ,o the under.ying supports by v,r,u of 

I vacuum created beneath the belts by tbe suction means used to withdraw the coohng 

UqUld ' While the above apparatus has proved to be very effective, difficulties have 
emerged, particu,ar,y when apparatus of this kind is used to produce thinner strip arhcles 

,0,0mm, compared ,o,0,o 30 mm for c™v^ c^). ^o, tb« n»^» 
„ alloys having longer freezing ranges (e.g. those having a freezing range of 40 to C 
compared.oup.oaO-Cforalloysofshorterfreezingrange.AHoysoflongreezmg 

rang e must be cooled much more quickly and uniformly than a„oys °' ^™ 
range to achieve good surface and interna, quality p,us sohdifica.ion w lt h,n the mo,d. 
Strip artiCes of this reduced thickness, and articles made of alfoys having ionger freezmg 
, 5 ranges, are of particu,ar interest to the automotive industry. However, the castmg of 
' these a„oys and thicknesses requires more controhed casting conditions ,han can be 
nrovided by previous casting cooling systems. 

Accordingly, there is a need for improved be,, cooling and guiding apparatus and 
methods so ,ha, these problems may be avoided during ,he use of twin-bel, castmg 
30 apparatus. 



SUMMARY OF THE INVENTION 

An object of the present invention is to improve conventional twm belt cast.ng 
apparatus so that interna, and surface irregularities of the east strip article and belt 
deLation may be avoided, particularly when casting thin strip articles or alloys havmg 

lone freezing ranges. 

Another object of the invention is to make the cooling of belts of twm-belt casters 

more uniform transversely of the belts. 

Another object of the invention is to improve the coolmg rates (he* flux) that an 
be achieved in twin-belt casters without causing internal and surface irregularities of the 
resulting cast strip article, and while avoiding belt deformatton. 

Another object of the invention is to provide improved belt coolmg and gutdtng 
means that can be used with twin belt casting apparatus. 

The present invention, a, least in its main aspect, is based on the findtng that, 
when using twin-bel. casting to create tbin metal strip products or products of alloys 
having long freezing ranges, particularly when a liquid belt dressing is apphed to the 
castingsurfaces.averyhighdegreeofuni^ 

the belts in the region immediately adjacentto the casting mold inletwhere the mo ten 

uniformity is greater than .be degree conventionally obtained w,th apparatu of 
„ described above, and is a consequence of.be fact .bat, in the region where the molten 
m e.a,is fi rstintroducedin«o,he m o,d,a,loraportionof,he,ic,uidbeltdress,ngw 1 ,, 

from ,he metal to the belt. The uniformity of the volatilization and the 

la yer depends on the uniformity of the belt temperature and thus on the umform.ty of the 

>5 belt cooling. 

,„ ,he present invention, to achieve the desired high degree of transverse 
temperature uniformity, and desirably a high rate of cooling, cooling liquid is deltvered ,0 
the reverse side of the belts in this region by meats of cooling nozzles havmg 
,_e,y arranged continuous cooling slots, rather than by means of a number of small 
3„ individual nozzles having one or more d.screte delivery openings, or even quas.-lmear 
nozzles having a large number of small openings aligned transversely of the belts. 



Thus according «o one aspect of the present invention, there is provided a be,, 
coding and guiding apparatus recasting be,, of a twin be.t caster prov.ded with a pan 
of rotatably supported end,ess casting be„s, a cas,.ng mold formed between moving 
casfng surfaces of confronting generally planar sections of the be.ts, the seCons having 
r everse surfaces opposite the casting surfaces, the casting moid having a mol.en me,a, 
entrance a, one end and a solidified sheet articie outie, a, an opposite end, and 
injector for introduction of mo.ten meta. into the casting mold a, the entrance of the 
casting mold. The cooling and guiding apparatus comprises at least one elongated nozzle 

the support surface arranged transversely substantially completely across the casting belt 

film havingasubstantiallyuniform thickness and velocity of flow when cons.dere -n «he 

t „e direction of the belt, a drainage opening for removal of cooling hqu.d at a 

position spaced from the continuous slot, and a vacuum system associated with the 

drainage opening for applying suction ,o ,he drainage opening. ^ 
uninterrupted along its entire length so that there are no barriers ,o,he flow of coohng 



ion into 



liquid from the slot. 

The apparatus may be produced in the form of an insert for incorporatr 
existing equipment beneath the casting belts, or may be built into a be., caster as an 
integral part thereof. 

According ,o another aspect of the invention, there is provided a nozzle for a belt 
cooling and guiding apparatus, comprising a support surface for supporting a reverse 
surface of a casting belt, the support surface having a length corresponding ,0 a width 
said bel,, an elongated continuous slot in said support surface having a length 

the form of a continuous film having uniform thickness and velocity of flow along the 
slot, and a drainage opening for removal of cooling liquid spaced from said continuous 

The invention also relates to a twin bel, caster of ,he kind described above 
incorporating such cooling and guiding apparatus for at leas, one and preferably both 
casting belts, positioned a, and acting upon the reverse surfaces of the belts. 



By the term "continuous s.of as used herein we mean an elongated orifice in the 
support surface of the nozz,e having no interruptions from one transverse end of <he 
nolcreiattvetothecastingbeiOtotheothe, The siot a, Us inner (coohng hou d ntrv) 
side general opens into a chamber posittoned within the nozzle forming a mantfold 
JL with iicuid coding liquid through inle, passages, the chamber betng as 
the s,o, is iong and having sufficientvoiume that cooling hquidmay be introduce mto 

the chamber through the iniet tubes under pressure and delivered to the ooen-stded slot 
with equalized pressure and flow at ail points along the iength of the slot 

The width (in the direction of advancement of the belt) of the slot of each slotted 
nozzle is preferably made as small as possible without encountering problems of 

, h e region of 0.125 U, 0.1 5 mm (0.005 ,0 0.006 inch). The cooling hqutd rs preferably 

become trapped in the slot, i.e. partic.es having a dimension larger than about 0.125 mm. 

Preferably the nozzle, or the first such nozzle if more than one is used, ,s 
portioned immediately adjacent to the entrance of the casting mold. 

By the term "immediately adjacent to the entrance of the castmg mold, we mean 

for the belts as the belts advance through the entrance of the castmg mold, and hat the 

adtstle pas, the point where moUenmeta, firs, contacts the be,,, sue , hat sufficten^ 
hea, wifhdrawa, from ,he mol.en - can commence ,0 ensure norma, operaUon of 

casting process. 

Preferably, there are a, leas, ,wo nozzles provided with such slots for each be t, 
, and more preferably 2 to 4 such nozzles, posirioned one following ano,her and ex,endm g 
along the casting mo,d from the entrance towards the outlet by a, leas, a distance 
effective to cover the region in which solidification of the molten metal is htgh.y 
susee P ,ib,e ,0 transverse variations of.be cooling effect (with ,he firs, such nozz e 
preferably position immediately adjacent to the entrance of the casting mold). Thts 

composition of ,he ,he cas, thickness, the casting speed, the nature of the be,, and 



b e„ dressing etc., but is often a, least 6.6 em (2.6 inches), incorporate at .east two 
slot ted nozzles. If desired, the entire cooling and guiding of each be,, may be provided 

,„is is no, usually preferable. Once ,he m e,a, has progressed through the region of 
extreme sensitivity to cooling variation, the task of further cooling may be taken up by 
conventional eoohng and guiding means (e.g. of the kind disclosed in US Paten, 
4 ,93 440 mentioned above), which are general.y easier ,0 mount resiliently so as to 
accommodate cavity convergence for providing continuous support and cooling for the 

m e,a, as i, shrinks during cooling. The first row of such convention, coolmg and 

guiding means should preferably be configured ,o provide a smoo,h transition m coohng 

and support from the slotted nozzles to the conventional nozzles. 

Each slotted nozzie of the present invention is preferably bounded on ,,s upstream 

and downstream edge by a drainage opening (preferably a transverse groove m the 

the vicinity ofthebeltunder suction. Each drainage opening or opemng.sw.derOn he 
airectionofadvancementofthebelOthan the slot ofthe nozzle next »P«* 
,east ,0 times wider) so that rapid and compiete withdrawal of spen, eoohng ,,,u,d from 
the reverse surface of ,he be,, may be achieved. Of course, ,he widih of each dramage 
opening should no, be so great that hea, transfer is disrupted due to reduced eoohng 
„ liquid velocity or sagging ofthe be,, spanning the opening due to lack of adequate 

The slotted nozzles ofthe present invention no. only provide coolmg for the 
castmg belts, bu, also act, to a major extent, as guides for the belts. That is to say, the 
nozzles provide physical support for ,he be„s, and a,so act by means of vacuum or 

)5 suction to hold the belts against perturbations of their positions caused by mechamcal 
thermal forces. The belts are thus drawn to the nozzle support surfaces to ach.eve an 
equifibrium "stand-off (separa.ion) tha, a.lows the type of coolmg liquid flow desenbed 
above. Th,s holding action is due partly to the suction applied by ,he apparatus to 
remove the cooling liquid from the apparatus, but may also be due in par, toaBernou.h 

3„ effect created by the cooling liquid flowing over the faces ofthe siotted nozzles. The 



su rfacesof,he nozzles in the region of the slot, or at the extreme edges of , he support 
surfaces in the upstream and downstream directions. 

The apparatus of the invention is particularly suited for use in belt casters ,n 
^ch. liqU idb d ,d^ i n 8 («. g ..vo^ te oU,U wM «.^ca^^af 
lh e b e,tprior,o contact with the mo.ten metai. However, the invention may be operated 
without the use of liquid belt dressing of this kind. 

The present invention can avoid the formation of internal and/or surface defects 
the cast article caused by lack of uniform cooling even when casting alloys m thm 
sections or alloys having a long freezing range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig , is a genera, side view, chiefly in elevation and relatively s.mphfied wtthou, 
associated drive or supporting means, of a twin-belt casting apparatus with which the 

present invention may be utilized; 

Fig2isapar.ia.topplanviewofasupportsurfacefora.owerbeUof.he 

.o one form of ,he presen. inven.io„, and also showing conventional coohng means and 
part of the lower casting belt; 

Figs 3A and 3B are a partial plan view and vertical cross-seCon, respect.vely, of 
0 anembodimen.ofas,o,tedn„zz,esaccordi„gto,hepresen,inve„tion,thenguresbet„ g 

mutually ahgned, and Fig. 3B being a sec.ion a.ong Hne I-I shown n F.g. 3A; 

Figs 4 and 5 are vertical cross-sections of alternative embodiments of the 
embodiment shown in Fig. 4, for s.otted nozzles according to the presen. invention 

Figs 6A and 6B are a partia, plan view and vertical cross-section, respect.vely, of 

' inven,io„,,heviewsbeingmu,ual,ya,ignedandFig.6Bbeingasect,ona,on g hne. 1 -l 1 of 

F ' 8 ' 6A Fig 7 is a graph showing load on the belt versus belt stand-off for apparatus 
accordtng to the present invention and conventional apparatus for comparison; and 

Fig 8 ,s a graph showing the variation in hea, transfer coefficient for a nozzle of 
the presen, invention and for a conventional apparatus for comparison. 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring ,0 ,he accompanying drawings, an example of a belt casttng machme 10 
iss howninsim P lif,edforminFig. 1. The machine ,0 incorporates a pair of — 
resilient flexible, heat-conducting casting belts, being upper and .ower endless belts I 

the arrows, so that in traversing a region where they are facing each other, optronally 
moving with a smali degree of downward slope, the belts define a casting mold .4 

U are rotated around and driven by large driving rollers 17 and 18, to return to the 

^^^^^^^^^^ 
bearings). The driving rollers ,7 and .8 are connected to suitable motor dnves (no, 

^MoUen metal may be fed into the casting mold .4 by means of an injector 21 of 
known kind, for example as described in US Patent 5,671,800 which issued on 30 

reference. As the molten metal in the mold 14 moves along with the belts, the belts are 
continuouslycooledtocause solidification «^~~^~*JZ^ 
(not shown) isdischarged a, outle, .6. Means forcooling the reverse surfaces of the belts 

as they pass through the mold 14 are provided for this purpose. 

Lco„ve„,iona,a P pa ra ,us,e. g .asdisc 1 osedmUSpatent4,,93,440,*ecoohn g 

means may be formed by a large number of substantially flat-faced, hexagonal-s.ded 

facing the reverse surface of each belt, i.e. the surface of the reg.on of each be, m the 
mold ,4 opposite to the casting surface that contacts and shapes the molten .metal . The 
assembly ofnozz.es provide both support for and cooling of the secttons of the belts 
passing through the mold. Each nozzle has at .east one orifice through wh.ch .,a.u,d 

0 reversesurfaceofanadJacentbelt.whereuponthecooIingHc.u.dflowsoutward.yover 
the support surface (flat face) of the nozzle. In this way, the liquid cooling hqu.d ,s 



mal „,ai„ed as a fas. dewing layer between the be,, and .he assent of nozzle faces so 
.ha. .he support surfaces may never direc.ly co„.ac. (metal .0 metal) .he reverse surfaces 
of the belt. 

The nozzle units of the cooling apparatus may be carried by base structures that 
also act as primary manifolds for cooling liquid delivery. For example, the base 
structures may include heavy stee, support plates having passages for receiving the stems 
(inner ends) of the nozzle units. Associated equipment is usually also provided for 
withdrawing cooling liquid from the assembly of nozzle surfaces through small gaps 
provided between .he nozzle faces. The nozzles may be resiliency mounted on .he base 
structure to allow limited movement of the belts during the casting process when cavtty 
convergence is used ,0 urge the belts into contact with .he me.a, within .he casting mold. 

In the present invention, as shown in a preferred embodiment in F,g. 2, at least 
some of the cooling liquid is introduced via a, leas, one nozzle 30 .ha. is dongated in the 
.ransverse direction of .he associated belt 12 and ts provided wi.h an elongated dot 31 . 
The figure shows two such nozzles 30, but there may be as few as one, and .here are 
usually a, leas. 2 to 4, arranged one after another transversely of the longitudmal 
direction of the be,, 12 (indicated by arrow A) extending essentially completely from one 
side of the belt to the other facing the reverse surface of the belt. The dot. 3! are 
provided in the generally planar support surfaces 32 of the nozzles 30 and are positioned 
, immediately adjacent ,0 the molten me.al entrance .5 of the casting mold 14 so that 

cooling liquid introduced through the s.o.s is .he firs, cooling liquid ,0 contac, .he reverse 
surface of .he casting be,, 12 as the belt moves through the casting mold in the d.rection 
of bel. advancement The support surfaces of adjacent nozzles are separated from each 
other by gaps 33 (only one such gap is shown in Fig. 2) tha, act as cooling liqutd dram, 

The slots 3, should preferably be centrally located within the support surfaces and 
should preferably be of constant gap width along .heir entire >eng.h (transverse to the 
belt) It is normally preferable to design the slo.s ,o be sufficien.ly narrow .ha. .he 
cooling liquid flow through the gap is comparable to tha. which would be provided by a 
series of poin. source nozzles of a conventional lype (i.e. hexagonal nozzles) located 
30 across the same length. However, ,he slo.s in .he present invention are made sufficently 
wide tha, the gap can pass nearly all of the detritus particles that may exist in the coohng 



liqui d, otherwise ,he s.ots wi„ become blocked by so.id particles in certain secUons thus 

practice, this means that the s,o,s shou.d normaUy be no —'^^Zl 
nch), and should prefe r ab,yhaveawi^^ 

incW.whichresuUsinasomewhat.argercross-sectionaiareainthesiotthanwouMbe 
predicted basedon the e q u,valence to the point inlets of a row of eonventiona, nozz.es 

To prevent particles w,.h a dimension larger than 0.005 inch entenng 
apparatus, it is preferable that effective filtering equipment (no. shown) be provtded for 
the cooling liquid before it enters the cooling apparatus. Conventional filtenng 
equipment ofany suitable kind may be used for this purpose. ,t may also be destrable to 
L a rust-inhibitor or the like in the cooling liquid to prevent the formafon 
particles in the cooling liquid supply and recirculating apparatus. 

A uniform flow of cooling liquid may be caused to emanate from each s.o 3, so 
.Hatauniformfdmofcooling liquid is created on the reverse surfaceofthe be,, 12.Th,s 

lit with the result that interna, and surface irregularities can be avo.ded ,n the cast stnp 
article that emerges from the casting m„,d ,4. Uniformity in the direction o 
advancement ofthe be,, is controlled by the dimensions and spacing ofthe slots and 
drains and is sufficient to ensure that continuous monotonic coohng is achteved (no 
0 reheating ofthe metal slab). 

The region ofthe apparatus where a high degree of transverse umformtty of 
coding is essentta, (rather than merely preferable) has been found to be limited to , e 
front section ofthe casting mold from a position (in the direction of advancemen of the 
belts) where the molten metal firs, c„n,acts ,he casting belts and volatihzatton of l„utd 
, 5 b e„ dressing (when used) may occur, to a position where uniform solidificat.on „ no 

lon gercr,tica,t„,hesurfaceandin,erna,qua,i.yofthecas,strip.Whi,e f ur.herco„hn g s 

required downstream ofth.s front section ofthe mold, conventional coohng may e us d 
in mi s downstream region. Thus, as shown in Fig. 2, immediately followmg the slotted 
nozz,es 30, the support and cooling of the be,, may be provided by a plurahty of 
3„ resi,ien„y-moun,ed hexagonal-sided nozzles 34 of ,he type disclosed ,n US patent 
4 ,93 440 having central openings 35 for injection of cooling liquid, and havtng a 



coding liquid withdrawal system including drainage gaps 36 and drain passages (not 
shown) below the hexagona. support surfaces 37. In contrast, the slotted nozzles 
themselves are generally not mounted resihen.ly (i.e. they are rigidly mounted) ,n the 
casting apparatus, mainly because of reduced need for such mounting in the entrance 
section of the casting mold where the metal is only partially sohdtfied. 

Figs 3A and 3B are two simplified views of an arrangement of slotted nozzles 
according ,0 the present invention, Fig. 3A being a top plan view and Fig. 3B bemg . 
vertical longitudina. cross-section. The views are of an assembly of two linear nozzles 
30 and illustrate (by means of arrows C in Fig. 3A) the flow pattern of liquid across the 
nozzle support surfaces, a., oriented relative to the direction of belt advancement shown 
by the .arge arrow B. The assembly consists of a base section 40 and an insert 41 that 
together define two slots 42 from which cooling liquid can flow into contact w..h the 
reverse surface of the belt ,2. Tie insert 4, contains a groove 43 forming a dramage gap 
for the collection of cooling liquid. 

The base 40 is attached a, frequent intervals to the top surface 44 of an under.ymg 
cooling liquid supply chamber (not M.y shown) by means of screws 45, the heads of 
which are recessed in counterbores in the base section. The insert 41 ,s attached ,„ the 
base section also by means of screws 47, the heads of which are contained in the groove 

, Immediately behind each slot 42 is a manifold 49 that runs parallel to the slot for 

length of the slot and is fed with cooling liquid a. intervals through passages 48 that 
connect to an underlying cooling liquid supply chamber (no. shown). The frequency of 
the passages 48 and the dimensions of manifolds 49 are such that the slots 42 are fed w„h 
a uniform cooling liquid pressure. 

Below the cooling liquid supp.y chamber is a cooling liquid drainage chamber 
(also not shown) that runs under vacuum. The spent cooling liquid that comes off the 
nozzle support surfaces 46 is collected in the drainage groove 43 and the spaces adjacent 
,„ the nozz.e assembly and carried ,0 the drainage chamber by passages 50, 51 tha, pass 
through the supply chamber. 
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The cooling liquid supply chamber and drainage chamber can be of any 
appropriate design, but arc conveniently designed as described in the US patent 
4 061,177 mentioned above. 

With the assembly shown in Figs. 3A and 3B, the precision of the elevation of the 
support surfaces 46 of the nozzles 30 and the width of the gaps 42 can be assured by 
Cose tolerance machining of the body 40 and the insert 4. . Having a removable insert 
facilitates the cleaning of the slots of detritus that cannot otherwise be removed and 
allows the gap width to be modified, if necessary. 

Figs 3A and 3B shows one assembly of two linear nozzles, but it is clear from the 
figures that further assemblies can be added adjacent to the firs, as is indicated by the 
dotted partial out.ine 52 in Fig. 3B. Alternatively, hexagonal nozzles 34 (shown m F,g. 2 
or those of US patent 4,193,440 - or other type of cooling liquid nozzles) can be placed 
adjacent to (downstream of) the assembly as shown in Figs. 3A and 3B. 

In the embodiment of the linear nozzle shown in Figs. 3A and 3B, the slots 42 are 
shown as straight and parallel sided and meeting the planar support surface 46 of the 
nozzle at a sharp right angle. In alternative embodiments, the sides of the slot may be a 
mix of curved, convergent or divergent, and meet the top surface with a small bevel or 
radius. For convenience, all of these embodiments can be referred ,0 as having "a flat top 
configuration." 

In Figure 4 the vertical cross-section of an alternative embodiment is shown 
where the slots 42 each terminate in a groove 60 in the support surface of the nozzles 30. 
This groove, shown as having (but not limited to) a rectangular cross-section, extends 
continuously along the support surface of the nozzle for the ful, length of the slot 42. The 
purpose of the groove is to minimize the wear and reduce the risk of damage or shut-off 
of the slot exit by the belt 12 bottoming out on the nozzle or other incidental damage. I, 
has also been found that this grooved configuration allows the belt to move 
advantageously to a greater standoff from the nozzles while maintaining a contmuous 
moving film of cooling liquid between the belt and nozzles. This permits more flex.ble 
operation in terms of variability of standoff than is possible with other designs. 

Figure 5 shows a further embodiment wherein the slot 42 terminates in the same 
manner as in Figure 3, but where the support surface 46 of the nozzle is beveled 



oneachsideofthe nozzle. The bevel is shown exacted ,„ t he figure, butp« 

5 p^oseof.hisbeve.deonfigura.ionis.ocrea.econdUionswhe.ebytheeoohngMu.d 
flow in the horizonta. direction through the expanding gap between the be,, and the 
nozzle surface creates an additional loca, vacuum which assists in be,t stabilize, as 
will be more fully discussed in the following. 

,, shou.d be noted that any of .he slot variations described for F.gs. 3A and 3B 
,0 may be used with the beveled configuration, and that the grooved (Fig. 4) and beveled 
configurations may also be used together. 

A- alternative embodimeri of the invention consisting of a s.ng.e hnear nozzle ,s 
shown in Figs. 6A and 6B. The fzzle support surface is of the same flat top 
configuration as shown in Fig, i A and 3B, but any of the other slot and I surface 
, 5 variations may equally be used./ The nozzie 30 consists of a bottom section 80 hat s 

%\ and an upper section formed I two top members 82. The two top members and the 
/ bottom section are held togeL by through bolts 83. The top members are machmed 

precise* to mate with the b/ttom section and give the required elevation, and to provide 

I bolts 83. Cooling li Jd is fed ,0 the nozzle from the cooling liquid supply chamber 
through passages in the bL 81, or alternatively through separate supply ports, tnto a 

m iength of the s,o, J. Cooling liquid flowing off the nozzie is removed through 
25 p assages85s,mi,art 0l Lseat,heedgesofthen„zz,eassem bl yinFig,3Aa^d3B. 

Tvpieai load/standoff curves for the three configurations of nozzle (flat top, 
grooved and beve!ed) are shown in Figure 7 and are compared ,0 a typical curve for a 
hexagonal nozzle. The curves are a plo, of the load acting on the belt versus the 
t hiclssofthe m inimumgap(water f .,m)betwee„ the nozzie and the belt, referred ,0 as 
3„ t he"s,andofr.Thedominan,,oadon,hebeU,susua,,y,hatproducedby,hevacuum,n 

,he cooling liquid drainage chamber and ittends to press the belt againstthe nozzle to a 



normal standoff or "operating standoff. Loads from other sources may act on .he belt, 
such as the bending due to a thermal gradient through the belt or the bending of the belt 
coming off the hover bearing (or other guiding device), and try to perturb ,t from th.s 
operating point, loads that augment the vacuum, to a lower standoff and loads that 
counter the vacuum, to a higher standoff. The resistance of the belt to these changes ,n 
standoff is represented by the slope of the load/standoff curve at the operating pent; the 
higher the slope the less change in standoff that occurs for a given perturbmg force. A 
high slope is a very desirable characteristic for a nozzle because it tends to stabthze the 
position of the belt and the flow of cooling liquid, which in turn stabilize the heat 
transfer. 

If the perturbmg forces become very large in the direction that counters the 
vacuum there are additional characteristics of the load/standoff relationship that are 
important. The first is to have as much resistance as possible against the belt being 
pulled off the nozzle. This can be enhanced if the vacuum load is augmented by any 
Bernoulli effect generated between the belt and the nozzle surface. The second is the 
ability to have the cooling liquid film remain intact for as large a standoff as possible 
before the completely filled gap of moving cooling liquid breaks down and the cooling 
becomes more characteristic of a jet impinging on the surface. 

A perturbing force that adds to the vacuum will tend to diminish the standoff and, 
if excessive, could cause the belt to bottom out on the nozzle and shut off the cooling 
liquid flow. This can be limited by the use of resilient nozzles. 

In Figure 7 the load/standoff characteristics for the hexagonal nozzle (as 
described in US patent 4,193.440) is represented by curve 90, the flat top configuration 
(Figs 3A and 3B, and Figs. 6A and 6B) by curve 91, the grooved configuration (Figure 
5 4) by curve 92, and the beveled configuration (Figure 5) by curve 93. From these it can 
be seen that the slope of the curve at the operating point, representing the resistance to 
perturbation of belt position, is greatest for the beveled configuration, less for the 
hexagonal nozzle, less again for the flat top configuration and least for the grooved 
configuration. However, the curves also show that the tolerance to high standoff and the 
0 maintenance of a high level of cooling is in the opposite order for the grooved, flat top 
and beveled configurations. The hexagonal nozzle does not follow this reversal 



completely and has a tolerance similar to the flat top configuration. Thus, for the linear 
nozzles there is a trade-off to be made; the preference is to lean towards a design having 
the best belt stability which allows for higher cooling rates. 

Figure 8 shows the relative variation of the belt-to-cooling liquid heat transfer 
coefficient (HTC) for a linear nozzle of the type shown in Fig. 4 compared to a 
conventional hexagonal nozzle (as described in US patent 4,193,440), for three locations: 
at the center of the nozzle over the cooling liquid outlet, at the drain edge of the nozzle 
surface and at a point approximately halfway between. This shows that the HTC 
variation for a conventional hexagonal nozzles from the point of cooling liquid injection 
to the point of removal is substantially greater than that of a linear (slotted) nozzle of the 
present invention. Thus, even if a linear nozzle exhibits a load/standoff curve similar to 
that of a hexagonal nozzle, the reduced variation in HTC provides for an overall superior 
performance. Therefore, taking all the factors into account, a linear nozzles having 
beveled edges is generally preferred for overall performance, although the grooved 
nozzle (Figure 4) has advantages where a large gap or standoff must be maintained, such 
as immediately adjacent to the bending of the belt over the hover bearing. 



